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Abstract: Purpose: Screening Social Life Cycle Assessment (S-LCA) can be applied to identify
the social hotspots associated with a production activity or supply chain. The objective
of this paper is to explore how the quality of the results of a screening S-LCA can be
improved, illustrated by a case study of sugarcane production in Brazil.
Methods: Cradle-to-gate production of sugarcane in Brazil has been modelled using
input-output analysis. The associated social impacts have been modelled using the
framework of the Social Hotspots Database (SHDB), which is one of the first databases
providing information on social risks along supply chains. The results from the SHDB
were complemented with results from a systematic analysis of relevant literature.
Content analysis was applied to 38 publications in English relevant to the social
impacts of sugarcane production in Brazil, including peer-reviewed articles, "grey
literature", Non-Governmental Organization reports and conference presentations.
Qualitative data analysis software NVivo 8 was used to facilitate the analysis of the
publications. A deductive category system was established based on the
subcategories recommended in the UNEP/SETAC Social Life Cycle Assessment
guidelines. Social impacts were further aggregated and analyzed by social themes and
impact categories.
Results and discussion: The social impacts of the sugarcane life-cycle in Brazil arise
almost exclusively within the Brazilian sugarcane sector itself. Fifteen social themes
are identified as hotspots in the SHDB, and nine of them are also identified by content
Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation
analysis. Health and safety, and labour rights and decent work are the impact
categories with the highest risks. Besides negative impacts, content analysis is
capable of identifying several positive impacts related to sugarcane production. Due to
the use of aggregated country-level data, social impacts of manual and mechanical
harvesting of sugarcane cannot be differentiated in SHDB; however, this can be
achieved by content analysis.
Conclusions: SHDB is effective for identifying social impacts at the country level but the
data are inevitably aggregated and only show averages across different technologies
and geographical areas; therefore, the database is of limited value in distinguishing
between alternative operations and locations. Content analysis can facilitate
foreground data collection by differentiating operations and identifying both negative
and positive impacts at the level of individual activities. We recommend that S-LCA
databases can be integrated with results of content analysis to improve the richness -
representativity and specificity - of results from a screening S-LCA, to differentiate
between alternative production routes and processes.
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 We thank the reviewers for helping us to improve the quality of the manuscript. We are pleased to know that 
Reviewer #2 has accepted the revised manuscript for publication. In response to the comments of Reviewer #1, we 
have improved the references and conclusions as detailed below.  
Reviewer #1:  
Please try to improve references and conclusions. 
Action: We have added to the manuscript the following three recent and relevant publications on S-LCA (changes 
have been highlighted in yellow in the manuscript): 
 Di Cesare S, Silveri F, Sala S, Petti L (2018) Positive impacts in social life cycle assessment: state of the art 
and the way forward. Int J Life Cycle Assess 23(3):406-421. doi:10.1007/s11367-016-1169-7 
 Grubert E (2018) Rigor in social life cycle assessment: improving the scientific grounding of SLCA. Int J 
Life Cycle Assess 23:481-491. doi:10.1007/s11367-016-1117-6 
 Petti L, Serreli M, Di Cesare S (2018) Systematic literature review in social life cycle assessment. Int J Life 
Cycle Assess 23:422-431. doi:10.1007/s11367-016-1135-4 
 
 We have also sharpened the Conclusions section and modified the Abstract accordingly. The Conclusions 
now read: 
 4. Conclusions 
 This study reports a screening S-LCA to identify the social hotspots related to sugarcane production in Brazil, 
carried out as a case study to explore the use of content analysis of relevant literature to enrich the results from the 
Social Hotspots Database. The overall social impacts of the sugarcane life-cycle in Brazil are dominated by the 
country-sector itself, with other sectors representing nugatory contributions to working hours and hence to social 
impacts. At the level of specific impact categories, the SHDB identifies “health and safety” and “labour rights and 
decent work” as the most significant impact categories. Content analysis confirms this conclusion. SHDB and content 
analysis both identify a total of nine social impacts: “health and safety”, “fair salary”, “social benefits and social 
security”, “access to material resources”, “delocalization and migration”, “forced labour”, “safe and healthy living 
conditions”, “freedom of association and collective bargaining”, and “equal opportunity and discrimination”. While 
the two approaches are consistent, comparing the results shows that SHDB is effective for identifying social impacts 
at the country level but is less effective at the sector level due to aggregation of the data. Combining content analysis 
with SHDB can improve the value of inventory data for foreground processes by revealing the magnitude and cause 
of the social impacts. Content analysis provides an enriched picture of the impacts of a product system and, because 
the results may be less aggregated, enables alternative production routes within the same sector to be differentiated. 
Furthermore, both positive and negative impacts can be identified by content analysis, whereas SHDB addresses only 
negative impacts. The screening S-LCA results obtained by combining SHDB and content analysis can guide site-
specific data collection to make it more efficient and more effective. Considering these advantages, we recommend 
use of content analysis in combination with SHDB to improve the results of a screening S-LCA. 
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Abstract 
Purpose: Screening Social Life Cycle Assessment (S-LCA) can be applied to identify the social hotspots associated 
with a production activity or supply chain. The objective of this paper is to explore how the quality of the results of a 
screening S-LCA can be improved, illustrated by a case study of sugarcane production in Brazil, an activity which has 
been criticized for its records on social sustainability due to issues such as poor working conditions for field workers 
and treatment of migrant workers.  
Methods: Cradle-to-gate production of sugarcane in Brazil has been modelled using input-output analysis. The 
associated social impacts have been modelled using the framework of the Social Hotspots Database (SHDB), which 
is one of the first databases providing information on social risks along supply chains. The results from the SHDB 
were complemented with results from a systematic analysis of relevant literature. Content analysis was applied to 38 
publications in English relevant to the social impacts of sugarcane production in Brazil, including peer-reviewed 
articles, “grey literature”, Non-Governmental Organization reports and conference presentations. Qualitative data 
analysis software NVivo 8 was used to facilitate the analysis of the publications. A deductive category system was 
established based on the subcategories recommended in the UNEP/SETAC Social Life Cycle Assessment guidelines. 
Social impacts were further aggregated and analyzed by social themes and impact categories. 
Results and discussion: The social impacts of the sugarcane life-cycle in Brazil arise almost exclusively within the 
Brazilian sugarcane sector itself. Fifteen social themes are identified as hotspots in the SHDB, and nine of them are 
also identified by content analysis. Health and safety, and labour rights and decent work are the impact categories with 
the highest risks. Besides negative impacts, content analysis is capable of identifying several positive impacts related 
to sugarcane production. Due to the use of aggregated country-level data, social impacts of manual and mechanical 
harvesting of sugarcane cannot be differentiated in SHDB; however, this can be achieved by content analysis.  
Conclusions: SHDB is effective for identifying social impacts at the country level but the data are inevitably 
aggregated and only show averages across different technologies and geographical areas; therefore, the database is of 
limited value in distinguishing between alternative operations and locations. Content analysis can facilitate foreground 
data collection by differentiating operations and identifying both negative and positive impacts at the level of 
individual activities. We recommend that S-LCA databases can be integrated with results of content analysis to 
improve the richness - representativity and specificity - of results from a screening S-LCA, to differentiate between 
alternative production routes and processes.  
Key words: Social life cycle assessment (S-LCA), social impacts, content analysis, Social Hotspots Database (SHDB), 
sustainable production 
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1. Introduction 
Brazil is the world's largest sugarcane producer, accounting for approximately 36% of the global production 
in 2015 (FAO 2016). In 2016, 652 million tonnes of sugarcane were harvested in Brazil, resulting in 39 million tonnes 
of sugar and 27 billion liters of ethanol produced (UNICA 2017). Awareness about unsustainable production of 
sugarcane has been raised due to environmental and health concerns associated with pre-harvest burning practices in 
manual harvesting of sugarcane (Du et al. 2017). São Paulo is the state with the largest sugarcane production in Brazil, 
accounting for 55% of national production in 2016 (UNICA 2017). The São Paulo state government and the industrial 
association have signed a “Green Protocol” to phase out pre-harvest burning by 2017. Because manual harvesting 
without burning has low productivity, this is leading to increased use of mechanical harvesting (Chaddad 2010): the 
proportion of sugarcane harvested mechanically without pre-harvest burning in São Paulo has risen from 31% in 2006 
to 89% in 2014 (CTC 2014).  
At the same time, sugarcane producers are under increased pressure to assess and report their social impacts. 
The most widely used sustainability reporting and certificate schemes, such as Global Reporting Initiative (GRI) and 
sustainable sugarcane certificate e.g. BONSUCRO (UNICA 2010; BONSUCRO 2017; GRI 2017), use social 
indicators focused on workers, leaving out other stakeholders. Similarly, publications documenting the social impacts 
of sugarcane production in Brazil generally concentrate on worker-related topics, covering working conditions, 
working hours and occupational health and safety (Rocha et al. 2010; Junior et al. 2012; Luz et al. 2012; Souza et al. 
2016). Most existing studies are restricted to specific activities in sugarcane production such as planting and/or 
harvesting, but Souza et al. (2016) investigated the social impacts related to the life-cycles of first and second 
generation sugarcane ethanol in Brazil; economic input-output models were used, but only inventory indicators within 
the Brazilian economy were included. Souza et al. (2016) concluded that agricultural operations dominate the impacts 
of sugarcane ethanol, regardless of the ethanol production technology adopted, because it is by far the most labour-
intensive activity in the supply chain. However, a study focusing on the social impacts of sugarcane production in 
Brazil considering all relevant stakeholders and covering the full life-cycle is lacking.  
Social Life Cycle Assessment (S-LCA) is an emerging method to evaluate social impacts related to supply 
chains (Petti et al. 2018). It is derived from the well-established environmental assessment method of Life Cycle 
Assessment (LCA). Compared to other tools assessing social impacts, such as Social Accounting 8000, 
AccountAbility´s AA1000 series, Social Impact Assessment and GRI, S-LCA focuses on a product (or service) level, 
and considers the entire life-cycle and a broader range of stakeholders, including workers, local community, society, 
consumers and value chain actors (UNEP/SETAC 2009). Depending on the goal and scope of the study, an S-LCA 
study can be based on generic and/or site-specific data. Generic data are not site or enterprise specific, and may be 
collected through literature review, web search or national statistics. Site-specific data can be gathered through 
document auditing (i.e. enterprise, authorities and Non-Governmental Organization documentations), interviews, 
questionnaires, and participatory evaluation. Generic assessment is appropriate when the aim is to analyze a generic 
product or to screen social hotspots (i.e. unit processes located in a specified region where a social theme of interest 
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may be considered a problem, a risk or an opportunity). If practitioners need to evaluate the social impacts related to 
a specific product, site-specific data should be collected for the unit processes considered as social hotspots, but 
generic data can be used to guide data collection (see below). A further difference between S-LCA and LCA is the 
treatment of positive impacts. Whereas hotspot assessment follows LCA in focusing on potential negative impacts 
associated with supply chains, a more complete S-LCA aspires to include both positive and negative impacts (Di 
Cesare et al. 2018). However, there is no unified definition of positive impacts in S-LCA so far. In the UNEP/SETAC 
Guidelines for S-LCA (2009), positive impacts are defined as performances beyond compliance with relevant laws, 
international agreements and certification standards; this approach is consistent with that embodied in the UN’s 
Sustainable Development Goals (Russell et al. 2018). Some researchers have considered positive impacts as the 
absence of negative issues. For instance, in Ciroth and Franze (2011), one example of positive impacts is the absence 
of forced labour. Ekener et al. (2016) suggested that reference points for assessing positive impacts should depend on 
the goal and the scope of the study, and for a case-specific assessment, the regional general behavior can be considered 
as the reference so that a product system that is more socially beneficial than the local average is considered to have 
positive impacts. The approach taken in this work is based on the UNEP/SETAC Guidelines, as interpreted by Ekener 
et al. (2016); see section 2.3.  
Data availability is recognized as a critical factor for the development of S-LCA (Benoit-Norris et al. 2013). 
A typical product system can contain over a thousand unit processes; thus it is not practical to collect site-specific data 
at every organization along a supply chain, especially considering the increasing globalization of supply chains 
(Benoit-Norris et al. 2012). Application of a database can ease the burdens of data collection in S-LCA significantly 
by revealing where in the supply chain attention should be focused. The Social Hotspots Database (SHDB) is one of 
the first databases in S-LCA which can be utilized as a screening or prioritization tool. The SHDB models the product 
life-cycle based on global economic input-output data, to identify social risks or opportunities along the supply chains 
and the unit processes (i.e. country-specific-sectors in SHDB) where site-specific data need to be collected. Data in 
SHDB are collected at country-sector level; however, due to the aggregation of the data, SHDB is not suitable to 
differentiate the social impacts of homogeneous sectors (for instance, chemicals, plastics and rubber are aggregated 
into the same sector in SHDB) or different technologies in the same sector. Arcese et al. (2018) have pointed out the 
potential of Automated Text Analysis to track the development of concerns and research priorities in S-LCA. The 
research summarized in this paper takes a different approach, set out in section 2.2, using textual analysis to assess 
social impacts within a defined product system. Once the social hotspots have been identified using tools like SHDB, 
publications related to the social impacts of the key country-sector(s) are systematically analysed. The most relevant 
social themes are identified, covering both negative and positive impacts and differentiating between technologies and 
approaches to production. The potential of this approach to improve the quality of the results of a screening S-LCA 
study beyond what is achievable with a Social Hotspots Database is explored using a case study of sugarcane 
production in Brazil.  
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Materials and methods adopted in this study are presented in Section 2. Results are presented in Section 3, 
and discussed in Section 4. 
2. Materials and methods 
The Social Hotspots Database (SHDB), with its inbuilt input-output model, was used to carry out a screening 
S-LCA of cradle-to-gate production of sugarcane in Brazil to identify the associated social hotspots. The default 
functional unit in SHDB is sugarcane with a value of one USD produced in Brazil; however, the choice of functional 
unit is irrelevant because the overall results are expressed as dimensionless indices in SHDB, as shown in Section 2.1 
below. In the SHDB, the sugarcane product system was represented by an economic input-output model derived from 
the Global Trade Analysis Project (GTAP) (2017). The level of aggregation and the use of economic values in the 
model mean that low-value co-produced wastes and residues cannot be included explicitly in the assessment. In effect, 
it is assumed that waste generated during harvesting remains in the fields (where it may be burned), although some of 
the tops and leaves of the cane are now brought out for processing into cellulose products. Waste from subsequent 
processing – primarily bagasse - leaves the system analysed through the farm gate with the cane product.  
All the country-sectors providing inputs to the Brazilian sugarcane sector were scaled according to the 
economic value of their inputs. The impacts of these country-sectors were characterized considering both the risk 
levels on each social theme and their contributions in terms of labour intensity, estimated using the worker-hour model 
incorporated in the SHDB. A cut-off criterion based on worker-hours was applied to determine which country-sectors 
should be included in the system. This analysis confirmed that, overridingly, the social impacts arise within the 
Brazilian sugarcane sector itself. The dominant country-sector identified in this way was then examined in depth by 
applying content analysis to the relevant literature. 
2.1 Characterization of social impacts in Social Hotspots Database (SHDB) 
The Social Hotspots Database (SHDB) comprises three components: social theme tables, input-output model 
and worker-hour model (Benoit-Norris et al. 2012; Benoit-Norris et al. 2013). As shown in Table 1, SHDB groups 
social indicators into five categories, namely Labour rights and decent work, Health and safety, Human rights, 
Governance, and Community infrastructure. Each category covers a range of relevant social themes, with one or more 
indicators to measure the risk level of each theme for a country-sector, including 22 themes and 124 indicators in total. 
The assessment framework of SHDB for a country-sector from impact category to inventory indicator is shown in Fig. 
1. Four risk levels are defined (low, medium, high, and very high) for each indicator of a country-sector. For each 
theme, the risk level is defined with reference to the range of values reported for the countries included in the database. 
For instance, for the poverty indicator, percentage of people living under 2$/day, the characterization rule of <2%=low 
risk, 2-10%=medium risk, 10-15%=high risk, >50%=very high risk is used. In the absence of further information, the 
same risk levels have been used here. For some indicators, such as forced labour, the risk level is determined by 
whether there is evidence of forced labour and the number of sources of that evidence. This approach has been 
developed further in this work by using systematic content analysis, as set out in Section 2.2.   
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
 6 
 
The SHDB models product supply chains using a global input-output model, which covers economic data of 
227 countries and 57 sectors. The economic data for a country-sector is then translated into its labour intensity through 
a worker-hour model. The total worker-hours of a country-sector are calculated by dividing the total payment of wages 
to workers (using data from the GTAP model) with wage rate data for that country-sector. An initial analysis using 
SHDB showed that more than a thousand country-sectors in total are related to sugarcane production in Brazil. As 
worker-hours represent the level of labour involvement of a country-sector in a supply chain, worker-hours can also 
be used to set cut-off criterion to exclude country-sectors with little relevance to the product system (Ramirez et al. 
2016). An initial cut-off criterion was defined to include only country-sectors contributing more than 1% of the total 
worker-hours associated with sugarcane production in Brazil; five sectors met this criterion. The list of sectors to be 
included was subsequently refined further; see section 3.1. 
 In the SHDB approach (Benoit-Norris et al. 2012), the scores for the different social themes within each 
social category are aggregated into a Social Hotspots Index (SHI), defined by Equation 1. The risk levels (R) are 
translated into indices using the values: low risk = 0, medium risk = 1, high risk = 2, and very high risk = 3. Equal 
weights have been assigned to the  social themes in several S-LCA case studies (Garrido et al. 2016), and this approach 
was adopted in this study due to the lack of information on value choices of decision makers. SHI is unit-less and its 
value varies from 0 to 1. Regardless of the number of indicators in an impact category, the larger the value of SHI, the 
higher are the potential impacts in that category for a country-sector.   
                𝑆𝐻𝐼𝑐𝑎𝑡 =  ∑ (𝑅𝑎𝑣𝑔 × 𝑊𝑇)/𝑛𝑇=1 ∑ (𝑅𝑚𝑎𝑥 × 𝑊𝑇)
𝑛
𝑇=1                        Equation 1                               
 
SHIcat: Social Hotspots Index for a category (e.g. labour rights, governance, etc.)                                
T: Social themes (e.g. child labour, freedom of association rights, etc. 
n: Number of themes within a category 
Ravg: Average risk across the theme 
Rmax: Maximum risk for a theme 
WT: Weight assigned to the theme 
 In this work, Impact Scores (IS) were also developed to aggregate the social impacts within each category 
for each of the country-sectors included in the product system. As shown in Equation 2, a weighted sum approach was 
employed, considering both the overall risk levels and the contribution to labor intensity of a country-sector. Impact 
Score is a unitless index varying from 0 to 1, with higher values representing higher potential impacts in the category.  
                   𝐼𝑆 = ∑ 𝑆𝐻𝐼𝑐𝑎𝑡𝐾𝑚=1 × 𝑊𝐻%                                                 Equation 2 
                                  IS: Impact Score; overall impacts on an impact category considering all the country-sectors  
                                  m: a country-sector 
                                  K: Number of country-sectors included in the system boundary 
                                  WH%: Percentage of worker hours out of total worker hours for each country-sector 
2.2 Content analysis 
To enrich the results of the screening S-LCA using a generic database, content analysis was applied to 
identify the social impacts of sugarcane production in Brazil by analyzing relevant publications. Content analysis 
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refers to a family of approaches or techniques for studying and/or retrieving meaningful information from text(s) in a 
systematic manner based on explicit rules of coding (Stemler 2001; Zhang and Wildemuth 2009). The development 
of content analysis in the scientific arena can be dated to 1920s/30s, with an initial emphasis on quantitative textual 
analysis such as counting explicit text elements. However, this quantitative approach has been criticized for 
oversimplified or distorted quantification due to, for instance, inability to consider the cultural components of the 
context, multiple meanings of words, and multiple expressions for the same meaning. Qualitative content analysis has 
been developed to overcome these concerns: beyond merely counting words, it emphasizes an integrated view of texts 
and their specific contexts, and enables subjective but scientific and reproducible inferences to be drawn (Zhang and 
Wildemuth 2009; Mayring 2014). Quantitative and qualitative content analysis can be combined (Stemler and Bebell 
1999), and this combined approach has been applied here: frequency analysis was conducted and reported, and a 
careful hand-coding of the content of the literature was carried out based on the set of categories identified. The 
common steps in content analysis were followed; more details on the methodology can be found in Stemler (2001). 
The steps implemented were:  
Step 1: Formulation of issue or problem. This analysis defines the objectives of the work by determining which themes 
are most documented in recent publications relevant to the social impacts of sugarcane production in Brazil.  
Step 2: Selection of the material to be analyzed. Web-based research was used to identify relevant documents by 
searching Web of Science, Google and Google scholar using the keywords "social impacts", "social sustainability", 
"corporate social responsibility", "sugarcane", and "Brazil". Documents published in English between 2000 and 2016 
were included in the search. In total, 38 articles were considered relevant for content analysis: 21 journal articles, 7 
“grey” papers and reports, 7 conference presentations, 2 NGO reports and 1 book chapter.  
Step 3: Establishment of a set of categories. Having identified the texts to be searched, the set of categories which the 
content analysis is to find can be generated inductively (i.e. categories emerge from the material samples) or 
deductively (i.e. categories are predefined based on social theories or social findings). The set of categories used in 
this work, shown in Table 2, was established deductively based on the social themes recommended in the 
UNEP/SETAC Guidelines.   
Step 4: Definition of categories and analysis units. Each category was further divided into social themes, defined in 
accordance with the approach adopted in SHDB (Benoit-Norris et al. 2013; UNEP/SETAC 2013). These social themes 
were used in step 5 to select the “coding units”, i.e. the sections of text to be examined by content analysis in step 6. 
Using themes to select coding units emphasizes the expression of an idea (e.g. the concept of fair salary) rather than 
the occurrence of the exact words (e.g. “fair salary” or its synonyms) (Zhang and Wildemuth 2009). 
Step 5: Coding. The material samples selected in step 2 were hand-coded in the software NVivo 8 to select all coding 
units alluding to one or more of the themes defined in step 4 (NVivo 2017). 
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Step 6: Analyzing the coded data. The set of coding units extracted from the samples was analyzed to identify the 
social themes referred to most frequently in the samples. The frequencies of the social themes within each category 
were aggregated to give the total frequencies of the categories.  
Step 7: Reporting on the findings. Key findings on each social theme were summarized and reported in a descriptive 
paragraph with identification of key references; these results are discussed in Section 3.2.  
2.3 Defining social hotspots 
 There is a lack of consensus in the S-LCA community on the methodology of defining social hotspots. As 
mentioned in the Introduction, social hotspots are unit processes located in a region where a social theme of interest 
may be considered a problem, a risk or an opportunity (UNEP/SETAC 2009). Social hotspots can potentially have 
negative (e.g. problem or risk) or positive (e.g. opportunity) impacts. Following an approach adopted in published 
studies (Ekener-Petersen et al. 2014; Zamani et al. 2016), the social themes giving rise to the greatest concerns, i.e. 
the social hotspots indicated by the SHDB, were identified by summing the numbers of indicators with high and very 
high risks. This approach only considers negative impacts related to the social themes. A similar approach was adopted 
for the content analysis but accounting for both negative and positive impacts: the social impact themes arising most 
frequently in the coded samples were considered the social hotspots. Negative and positive impacts were treated 
equally in the steps of coding and frequency analysis (i.e. Steps 5 and 6 in Section 2.2), and were further analyzed and 
differentiated by theme in the qualitative analysis of the coded text (i.e. Step 7 in Section 2.2). In this article, positive 
impacts were considered as performances beyond compliance, such as with laws and international agreements or 
performances better than the country-sectoral general behaviors. It should be noted that this simple approach of 
counting indicators or themes may bias the identification of hotspots towards categories with a higher number of 
indicators. The Social Hotspots Index (SHI), introduced in Section 2.1, is defined to avoid this bias. 
3. Results 
3.1 Life-cycle social impacts of sugarcane production in Brazil and social hotspots identified from SHDB  
As stated in Section 2.1, an initial cut-off criterion of including only country-sectors contributing more than 
1% of the total worker-hours associated with sugarcane life-cycle was applied. Table 3 shows the country-sectors 
remaining after applying this cut-off criterion. The two remaining sectors contributing least to the social impacts of 
sugarcane life-cycle are “bovine cattle, sheep and goats & horses” and “animal products” in Brazil. Because SHDB is 
based on the economic input-output model of GTAP, the model in SHDB takes one USD of Brazilian sugarcane output 
to be associated with inputs of 0.017 USD of animal products and 0.011 USD of bovine cattle, sheep and goats, & 
horses in Brazil. It is not clear what connects these two sectors with the Brazilian sugarcane sector. The connection 
may be indirect, via first-tier suppliers to the sugarcane sector. In view of the lack of transparency over the relationship 
with these two sectors and their relatively small contributions to the total worker-hours (1.2% each), the cut-off 
criterion was revised to 1.5%. This leaves only the Brazilian sugarcane, commerce and business service sectors as 
relevant to the Brazilian sugarcane life-cycle. 
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Table 4 presents the values of the Social Hotspots Index (SHI) for the five impact categories for these three 
connected sectors. Health and safety and labour rights and decent work have higher potential social impacts compared 
with the other impact categories. Within each impact category the value of the SHI is similar (or even the same) across 
the three sectors, because they are all located in Brazil and the SHDB uses social data at the country level when data 
at the sector level are not available (Benoit-Norris et al. 2013): close examination of the SHDB handbook revealed 
that, of 124 indicators, only 18 are based on data at the sector level.  
Fig. 2 shows the Impact Scores of the sugarcane life-cycle, aggregated across the country-sectors considering 
risk levels and contribution to labour intensity according to Equation 2. The sugarcane sector in Brazil is the dominant 
contributor to social impacts due to its dominance in labour intensity.  
Using the approach to determining social hotspots described in Section 2.3, Table 5 shows the indicators with 
high and very high risks in the sugarcane sector in Brazil, whilst Table 6 ranks them to show the principal Social 
Hotspots. In total, 37 indicators are identified with high or very high risks related to 15 social themes. “Occupational 
toxics & hazards” and “human health due to communicable diseases” are the social themes with the greatest concerns, 
followed by “high conflict zones” and “migrant workers”. Among the 15 social hotspots identified by SHDB, nine are 
also identified by content analysis, as discussed in the next section.  
3.2 Social hotspots identified by content analysis 
 Content analysis identified in total 22 social themes in the text samples examined.  The themes mentioned 
most frequently (coding frequency > 10 times), i.e. social hotspots, are shown in Fig. 3. By impact category, social 
themes related to labour rights and decent work arise most frequently in the coded texts, followed by health and safety. 
Nine of the themes emerge as social hotspots from both the content analysis and the SHDB. “Local employment” 
emerges as a social hotspot from the content analysis, but not from the SHDB because the database only includes data 
aggregated at the country level and characterized as medium risk. “Public commitment to sustainability issues” and 
“contribution to economic development” are identified as social hotspots in content analysis, but these two social 
themes are not included in SHDB.  
 Table 7 presents the key findings for each social hotspot based on content analysis. The results of content 
analysis suggest that the sugarcane sector in Brazil is well-regulated with active collaborations between governments 
and the industry association, focused on reducing environmental impacts through eliminating pre-harvest burning and 
improving the working conditions of sugarcane field workers. Despite the positive overview at the sectoral level, 
social impacts of different organizations vary due to their different conducts. For instance, for the social hotspots of 
“social benefits and social security”, “access to material resources” and “freedom of association and collective 
bargaining”, evidences of both positive and negative conducts are identified. Moreover, although in S-LCA good 
management is often considered as evidence of lower impact (Dreyer et al. 2006; Ramirez et al 2016), the findings on 
“occupational health and safety” run counter to this assumption: even if adequate protective equipment is provided to 
manual sugarcane cutters, the nature of the job may still put a heavy toll on workers´ long-term health and safety.  
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 The results of content analysis also shed light on the important differences in social impacts between different 
operations within the sugarcane sector. Harvesting is identified as the most labour-intensive process. The transition 
from manual to mechanical harvesting, which is especially rapid in the Centre-South region of Brazil, changes the 
impacts associated with each social hotspot. Fig. 4 compares manual and mechanical harvesting on the social themes 
where their social impacts differ. Mechanical harvesting has lower impacts in most social themes except for “local 
employment” and “access to material resources”, illustrating the widespread tension between labour intensity and 
machine use. For manual harvesting, the social theme with the highest potential impact is “occupational health and 
safety”. Exhaustion, back pain, occupational injuries due to fatigue, and high psychological stress have been reported 
among sugarcane cutters (Rocha et al. 2010; Priuli et al. 2014). This results from the pressure on sugarcane cutters to 
achieve high productivity: productivity of sugarcane cutters has increased from 6 tonnes/day to 12 tonnes/day in the 
past decades in order to be competitive with the productivity of mechanical harvesting. High risk associated with a 
fair salary for manual harvesters also contributes to the concern over health and safety: manual sugarcane cutters are 
usually paid by productivity rather than a fixed wage and this often motivates them to work beyond their physical 
limits. The high impacts of delocalization and migration of manual harvesters are related to the evidence of lacking 
decent living conditions, sanitation and nutritionally adequate food for seasonal migrant workers (Luz et al. 2012).  
 Compared to manual harvesting, mechanical harvesting has both negative and positive impacts on local 
employment. One mechanical harvester can replace 80 to 100 manual workers. As estimated by UNICA, in the state 
of São Paulo alone, 82,200 manual sugarcane field workers face potential job loss (Guilhoto et al. 2002; Duarte et al. 
2013; Moraes et al. 2015). On the other hand, mechanical harvesting is expected to improve working conditions, 
average salary and gender equity in the sugarcane sector in Brazil. These findings are consistent with those of Souza 
et al. (2016), who concluded that manual harvesting leads to creation of more employment while mechanical 
harvesting results in a lower level of occupational accidents, higher average wages and more participation of female 
workers.   
3.3 Comparing the results of SHDB and content analysis 
SHDB and content analysis identified 15 and 12 social hotspots respectively in the sugarcane sector in Brazil, 
with 60% of the social hotspots identified in SHDB confirmed by the content analysis. This confirms that SHDB is a 
useful tool to identify social risks associated with a country-sector. However, at the moment, SHDB has limited ability 
to distinguish between social impacts arising in different sectors in the same country or associated with different 
production routes within the same country-sector. Content analysis gives a much richer picture of the impacts and the 
consequences of changes in the product system. In this specific example, there are large differences in social impacts 
between manual and mechanical harvesting (see Section 3.2), but these differences are not captured in SHDB in its 
current form. However, in future studies, with better input-output data and sectoral impact inventories, the product 
systems and impacts of manual and mechanical harvesting may be differentiated.  
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Combining SHDB with content analysis can overcome some of these limitations. Unlike SHDB, which only 
assesses negative impacts, content analysis is able to identify positive impacts such as, in this case, the industrial 
association´s endeavor to promote public commitment to sustainability issues and the impacts of increasing 
mechanical harvesting in increasing average salaries. In addition, content analysis can facilitate data collection for 
foreground processes and provide more comprehensive understanding of the sectoral context, enabling better 
judgements on the status and cause of social impacts. Content analysis can further benefit the design of approaches 
and materials to collect site-specific primary data. As pointed out by Grubert (2018) amongst others, incorporating 
qualitative data from questionnaires and interviews can improve the richness and accessibility of S-LCA; content 
analysis can guide this data collection. However, it is worth noting that obtaining in-depth information through content 
analysis is at the cost of requiring more time for gathering and analyzing literature. 
4. Conclusions 
 This study reports a screening S-LCA to identify the social hotspots related to sugarcane production in Brazil, 
carried out as a case study to explore the use of content analysis of relevant literature to enrich the results from the 
Social Hotspots Database. The overall social impacts of the sugarcane life-cycle in Brazil are dominated by the 
country-sector itself, with other sectors representing nugatory contributions to working hours and hence to social 
impacts. At the level of specific impact categories, the SHDB identifies “health and safety” and “labour rights and 
decent work” as the most significant impact categories. Content analysis confirms this conclusion. SHDB and content 
analysis both identify a total of nine social impacts: “health and safety”, “fair salary”, “social benefits and social 
security”, “access to material resources”, “delocalization and migration”, “forced labour”, “safe and healthy living 
conditions”, “freedom of association and collective bargaining”, and “equal opportunity and discrimination”. While 
the two approaches are consistent, comparing the results shows that SHDB is effective for identifying social impacts 
at the country level but is less effective at the sector level due to aggregation of the data. Combining content analysis 
with SHDB can improve the value of inventory data for foreground processes by revealing the magnitude and cause 
of the social impacts. Content analysis provides an enriched picture of the impacts of a product system and, because 
the results may be less aggregated, enables alternative production routes within the same sector to be differentiated. 
Furthermore, both positive and negative impacts can be identified by content analysis, whereas SHDB addresses only 
negative impacts. The screening S-LCA results obtained by combining SHDB and content analysis can guide site-
specific data collection to make it more efficient and more effective. Considering these advantages, we recommend 
use of content analysis in combination with SHDB to improve the results of a screening S-LCA.  
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Fig. 1 Assessment framework of Social Hotspots Database for a country-sectora  
 
 
 
 
 
 
 
 
 
 
  a Adapted from the UNEP/SETAC S-LCA guidelines (2009) 
 
 
 
Fig. 2 Aggregated Impact Scores of three country-sectors by impact category 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Social themes identified most frequently with their coding frequencies 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Comparison of social impacts of manual and mechanical sugarcane harvesting by social theme 
 
Table 1 Impact categories and related social themes included in Social Hotspots Database  
Impact categories Social themes 
Labour rights and decent work - Child labour 
- Forced labour 
- Excessive working time 
- Wage assessment 
- Poverty 
- Migrant labour 
- Freedom of association 
- Unemployment 
- Labour laws 
Health and safety - Injuries and fatalities 
- Toxics and hazards 
Human rights - Indigenous rights 
- High conflicts 
- Gender equity 
- Human health issues 
Governance - Legal systems 
- Corruptions 
Community infrastructure - Hospital beds 
- Drinking water 
- Sanitation 
- Children out of school 
- Smallholder vs. commercial farms 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table
Table 2 Categories adopted in content analysis 
Impact categories Coding themes 
Labour rights and decent work - Child labour 
- Forced labour 
- Working hours 
- Fair Salary 
- Freedom of association and collective bargaining 
- Social benefits and social security 
- Delocalization and migration 
- Local employment 
- Contribution to economic development 
Health and safety - Occupational health and safety  
- Safe and healthy living conditions  
Human rights - Equal opportunities and discrimination 
- Cultural heritage* 
- Respect of indigenous rights 
- Secure living conditions 
- Respect of intellectual property rights* 
Governance - Public commitments to sustainability issues* 
- Prevention and mitigation of armed conflicts* 
- Technology development* 
- Corruption 
- Promoting social responsibility* 
Community infrastructure - Access to material resources 
- Access to immaterial resources 
- Community engagement* 
- Fair competition 
- Supplier relationships* 
 *Social themes additional to those in Social Hotspot Database, based on recommendations from the 
UNEP/SETAC Guidelines (UNEP/SETAC 2009). 
 
 
 
 
 
 
 
 
 
 
 
Table 3 Country-sectors included after applying cut-off criterion of 1% and their shares of worker hours 
Country-Specific-Sector Share out of total worker hours (%) 
Sugarcane, sugar beet (Brazil) 85% 
Commerce (Brazil) 2.2% 
Business services (Brazil) 1.9% 
Bovine cattle, sheep and goats, horses (Brazil) 1.2% 
Animal  products (Brazil) 1.2% 
 
 
 
 
 
 
Table 4 Social Hotspots Index (SHI) of Country-Sectors in each impact category 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Community 
Infrastructure 
Governance Health and 
safety 
Human rights Labour Rights 
and Decent Work 
Sugar cane, sugar beet 
(Brazil) 
0.36 0.33 0.50 0.40 0.45 
Commerce (Brazil) 0.39 0.33 0.50 0.39 0.40 
Business services 
(Brazil) 
0.39 0.33 0.50 0.34 0.29 
Table 5 Indicators with high and very high risk levels in sugarcane sector in Brazil in Social Hotspots Database  
Social theme Impact Category Risk level Indicators 
Access to Hospital Beds Community 
infrastructure 
High risk - Risk that there are too few hospital beds to 
support population 
Smallholder v. Commercial 
Farms 
Community 
infrastructure 
High risk - Characterization of large land holdings 
Legal system Governance Very high risk - Characterization of CIRI Independent 
Judiciary 
High risk - Characterization of BTI Rule of Law 
Occupational Injuries & 
Deaths 
Health and safety Very high risk - Risk of fatal injury by sector 
High risk - Risk of non-fatal injuries by sector 
Occupational Toxics & 
Hazards 
Health and safety High risk - Risk of loss of life by airborne particulates in 
occupation 
- Risk of loss of life years by asthma due to 
airborne particulates in occupation 
- Risk of loss of life years by chronic 
obstructive pulmonary disease due to airborne 
particulates in occupation 
- Risk of loss of life years by mesothelioma 
due to occupation 
- Risk of loss of life years by silicosis due to 
airborne particulates in occupation 
Human Health 
(Communicable Diseases) 
Human rights Very high risk - Risk of HIV 
- Risk of malaria 
High risk - Risk of Dengue Fever 
- Risk of Leprosy 
- Risk of Tuberculosis 
Indigenous Rights Human rights Very high risk - Risk that indigenous people are negatively 
impacted at sector level 
Gender Equity Human rights High risk - Characterization of GGG 
- Characterization of GII 
High Conflict Zones Human rights High risk - Characterization of Heidelberg Barometer a 
- Overall Risk for High Conflict-increased if 
risk exists at sector level 
Human Health (Non-
communicable Diseases) and 
other health risks 
Human rights High risk - Risk of dying from Malignant neoplasms 
- Risk of Obesity (BMI = 30 kg/m²), Aged 
15+,Females 
Child Labour Labour rights and decent 
work 
Very high risk - Risk of Child Labour in sector, Female 
- Risk of Child Labour in sector, Male 
- Risk of Child Labour in sector, Total 
Forced Labour Labour rights and decent 
work 
Very high risk - Risk of Forced Labour by Sector 
High risk - Risk of Forced Labour in Country according 
to Qualitative Sources 
Wage Assessment Labour rights and decent 
work 
Very high risk - Risk of Sector Ave Wage being lower than 
Country’s Minimum Wage 
- Risk of Sector Ave Wage being lower than 
Country’s Non-poverty Guideline 
Freedom of Association, 
Collective Bargaining, and 
Right to Strike 
Labour rights and decent 
work 
High risk - Risk that a country lacks or does not enforce 
Freedom of Association rights 
Labour Laws Governance High risk - Risk that Country does not ratify ILO 
conventions by Sector 
Migrant Workers Labour rights and decent 
work 
High risk - Risk that a country has not ratified 
international conventions or set up policies for 
immigrants b 
aThe Heidelberg Barometer has three sub-indicators, counted separately here: i) number of conflicts; ii) maximum intensity of conflicts; 
and iii) change in conflicts.  
b Risk that a country has not ratified international conventions or set up policies for immigrants has four sub-indicators, counted 
separately here: i) policy regarding the integration of non-citizens; ii) ratification of ILO convention No. 97 on migration for 
Employment 1949; iii) ratification of ILO convention No. 143 on migrant workers 1975; and iv) ratification of international convention 
on the protection of rights of migrant workers and their families, NY 18 Dec 1990.  
Table 6 Social hotspots identified by Social Hotspots Database (SHDB) and the numbers of indicators with high and 
very high risk levels  
No. Social themes Impact category High 
risk 
Very high 
risk 
Sum Content 
analysis (Y- 
Yes; N-No) 
1 Occupational Toxics & 
Hazards 
Health and safety 
5 0 5 
 
Y 
2 
Human Health - 
Communicable Diseases 
Human rights 
3 2 5 
 
 
N 
3 High Conflict Zones Human rights 4 0 4 N 
4 
Migrant Workers 
Labour rights and 
decent work 4 0 4 
Y 
5 
Child Labour 
Labour rights and 
decent work 0 3 3 
N 
6 Legal System Governance 1 1 2 N 
7 Occupational Injuries & 
Deaths 
Health and safety 
1 1 2 
Y 
8 Gender Equity Human rights 2 0 2 Y 
9 Human Health - Non-
communicable Diseases and 
other health risks 
Human rights 
2 0 2 
Y 
10 
Forced Labour 
Labour rights and 
decent work 1 1 2 
Y 
11 
Wage Assessment 
Labour rights and 
decent work 0 2 2 
Y 
12 Smallholder v. Commercial 
Farms 
Community 
infrastructure 1 0 1 
Y 
13 Indigenous Rights Human rights 0 1 1 N 
14 Freedom of Association, 
Collective Bargaining, and 
Right to Strike 
Labour rights and 
decent work 
1 0 1 
Y 
15 Labor Laws Governance 1 0 1 N 
 
 
 
 
 
 
 
 
 
 
 
 
Table 7 Inventories of social hotspots identified in content analysis 
Social theme Inventory 
Health and safety a) Sugarcane workers agree that they are exposed to high health risks due to agrochemicals 
use (Lehtonen 2010); b) Heavy workload: Cutting cane is a repetitive task, and workers often 
have to work under high temperature. Wounds caused by exhaustion, fatigue, spinal diseases, 
and high psychological stress are reported. Injuries and death records due to exhaustion are 
reported too (Junior et al. 2012; Luz et al. 2012; Priuli et al. 2014; Rocha et al. 2010); c) Pre-
harvest burning is reported to be related to the increase of respiratory diseases, 
cardiovascular diseases, cancer and renal dysfunction (Santos et al. 2015); d) Requirements 
for protection equipment are considered well-regulated and implemented (Hermele 2011a; 
Rocha et al. 2010). 
Local employment a) Increasing mechanization rate of sugarcane harvesting is causing job loss, especially for 
low-schooling and unskilled workers (Guilhoto et al. 2002; Smeets et al. 2008; Macedo 
2007; Moraes 2007; Moraes et al. 2015; Walter et al. 2011; Hall et al. 2009; Lehtonen 2010; 
ELLA 2012; Duarte et al. 2013; Viana and Perez 2013); b) Governments and the industry 
association have established training programs for the replaced workers (Amaral 2011); c) 
Demand for skilled labour as drivers, mechanics and technicians have increased (Duarte et 
al. 2013; Moraes 2007). 
Fair salary a) Sugarcane cutters were paid by productivity, and this payment method may lead to 
exhaustion due to heavy workload (Smeets et al. 2008; Martinelli and Filoso 2008; Walter et 
al. 2011; Hermele 2011a; Xavier et al. 2011; Luz et al. 2012; Duarte et al. 2013); b) Payment 
of workers in sugarcane industry in Brazil is documented to be well above minimum wages - 
two to three times of the minimum wage at the harvesting season (Smeets et al. 2008; 
Goldemberg et al. 2008; Walter et al. 2011; Rocha et al. 2010; Hermele 2011a); c) Income of 
workers in the Centre-South of Brazil is reported to be higher than the North-Northeast 
region (Macedo 2007). 
Social benefits and 
social security 
a) The number of formal workers has increased over the past decade. Sugarcane sector has a 
high rate of formal workers, reaching more than 80%. The  Centre-South region provided 
more formal jobs than the North-Northeast region (Smeets et al. 2008; Macedo 2007; Moraes 
2007; Martinelli and Filoso 2008; Walter et al. 2011; Moraes 2011; Viana and Perez 2013); 
b) Social benefits provided by sugarcane companies varied from one to another, but most of 
the companies are reported to comply with the regulations (Macedo 2007; Goldemberg et al. 
2008;Walter et al. 2011; Hall et al. 2009). 
Access to material 
resources 
a) The area of sugarcane cultivation has increased considerably (Chaddad 2010; Xavier et al. 
2011); b) Large producers occupy approximately 75% of the land, and the number of 
smallholder farmers has been declining (Goldemberg et al. 2008; Smeets et al. 2008); c) 
Agro-ecological zoning regulation has protected rainforest, wetland and “cerrado” (tropical 
savanna ecoregion of Brazil) (Chaddad 2010); d) Most of the companies provide 
accommodations for non-local workers, but poor housing and transportation conditions have 
been reported for migrant workers (Walter et al. 2011; Rocha et al. 2010); e) Most of the 
companies provide school, nursery centers and day care for workers and their children 
(Smeets et al. 2008; Walter et al. 2011). 
Delocalization and 
migration 
A large number of sugarcane workers are migrant workers from the North-Northeast to the 
Centre-South of Brazil to work at the harvesting seasons. They are mostly young male with 
low schooling, who are reported to have few job opportunities in their original regions. Poor 
living conditions are reported for these migrant workers (Macedo 2007; Moraes 2008;  
Moraes et al. 2015; Walter et al. 2011; Hall et al. 2009; Lehtonen 2010; Hermele 2011a; 
Junior et al. 2012; Duarte et al. 2013). 
Forced labour Cases of slavery labour are found in the literature (Smeets et al. 2008;Walter et al. 2011; 
Lehtonen 2010; Hermele 2011a; McGrath 2013). 
 
 
 
(Table 7 - continued) 
Public commitment of 
sustainability issues 
Brazilian Sugarcane Industry Association (UNICA) has been actively engaged 
with government and international organizations to shape regulations, such as 
establishing the agreements of Green Protocol and National Commitment to 
Improve Working Conditions for Sugarcane Workers. UNICA has also 
proactively encouraged and helped members to improve their sustainability 
practices through sustainability reporting and certification following the 
frameworks of BONSUCRO, Global Bioenergy Partnership (GBEP) and Global 
Reporting Initiative (GRI). UNICA is one of the first agro-industry unions 
worldwide who has published GRI reports (Chaddad 2010; Hermele 2011b; 
Viana and Perez 2013; UNICA 2010; Moraes et al. 2015). 
Contribution to economic 
developments 
Sugarcane industry contributes significantly to the income of agro-business in 
Brazil and provides job opportunities at a relatively low cost. The municipalities 
with sugarcane production are reported to have better socio-economic indicators 
than municipalities without sugarcane production (Macedo 2007; Goldemberg et 
al. 2008;Walter et al. 2011; Chaddad 2010; Martinelli et al. 2011; Duarte et al. 
2013; Machado et al. 2016). 
Freedom of association and 
collective bargaining 
Regulations and legal systems in Brazil ensure that workers have the rights for 
freedom of association and collective bargaining. Some authors have reported the 
active engagement of labour unions, while others found evidences of violations of 
labour regulations among migrant workers (Hermele 2011a; Macedo 2007; 
Martinelli and Filoso 2008; Moraes 2007). 
Safe and healthy living 
conditions 
Sugarcane pre-harvest burning emits a number of air pollutants. Particularly, the 
associated particulate matter emissions are reported to result in increasing health 
risks related to respiratory diseases in communities close to sugarcane plantations 
(Arbex et al. 2000; Arbex et al. 2007; Martinelli and Filoso 2008; Uriarte et al. 
2009; ELLA 2012; Duarte et al. 2013). 
Equal opportunity and 
discrimination 
a) Very few females work as sugarcane cutters due to heavy workload. Cases 
have been reported that women are required to be sterilized to obtain the job 
(Hermele 2011a; Junior et al., 2012; Moraes et al. 2015; Smeets et al. 2008); b) 
With the increasing rate of mechanization, workers with low schooling are the 
most vulnerable population to lose their jobs; meanwhile, the number of female 
workers is expected to increase (Chaddad 2010; Duarte et al. 2013; Goldemberg 
et al. 2008; Moraes et al. 2015).  
 
 
